Cytogenetics, gene fusions, and cancer.
Cytogeneticists recognize that karyotypic abnormalities are associated with specific malignancies. In 1960, Nowell described the Philadelphia chromosome (Ph) and its relationship to chronic myelogenous leukemia (CML). Subsequent work in molecular genetics and biology has revealed that the Ph is a translocation that causes fusion of gene sites that code for the break cluster region (BCR) and the avian blastic leukemia (ABL) proteins. This so-called fusion protein is present in a large percentage of the patients who have CML. A related fusion protein is seen in about one third of patients with acute lymphoblastic leukemia. The BCR-ABL fusion protein results in increased tyrosine kinase activity. The mechanism of action is thought to be via signal transduction related to guanosine triphosphatase activating protein which interacts with a ras-p21 binding protein. Acute promyelocytic leukemia (APL) is associated with the cytogenetic abnormality of t(15;17). This alters the promyelocytic leukemia (PML) and the retinoic acid receptor alpha (RARA) gene sites. Two fusion proteins are the result of this cytogenetic abnormality. They are termed PML-RARA and RARA-PML. Only one, the PML-RARA, is associated with APL. The PML-RARA chimeric protein has two zinc finger-like regions. It retains the ligand binding domain of RARA. The protein called PML has some similarities with a family of proteins which are thought to fuse to proto-oncogenes and to act as transforming proteins. The role of classical cytogenetics and the added capability of molecular biology has helped to elucidate some of the potential mechanisms for the development of cancer and provided additional understanding of neoplasia. (ABSTRACT TRUNCATED AT 250 WORDS)